The properties of 17 strains of a nocardioform actinomycete isolated from soil are described. The hyphae of the primary mycelium of this organism fragment into irregular to rod-to coccus-like elements. The hyphae of the aerial mycelium fragment into rod-to coccus-like elements with smooth surfaces. These elements give rise to new mycelia. The organism is a gram-positive, non-acid-fast, aerobic, mesophile, and it has a cell wall composition of type I (u-diaminopimelic acid, alanine, glutamic acid, glycine). The deoxyribonucleic acid base composition is 66.5 mol% G+C. The actinomycete is susceptible to phages of a taxon-specific set. Polyvalent Nocardia and Streptomyces phages are not propagated in the nocardioform organism, which is here regarded as belonging to a new genus, Nocardioides, the type species of which is N . albus. The type strain o f N . albus is IMET 7807 (Culture Collection of the Zentralinstitut fur Microbiologie und experimentelle Therapie, Jena). It has been deposited in the American Type Culture Collection under the number 27980. The new genus is placed in the family Streptomycetaceae.
The properties of 17 strains of a nocardioform actinomycete isolated from soil are described. The hyphae of the primary mycelium of this organism fragment into irregular to rod-to coccus-like elements. The hyphae of the aerial mycelium fragment into rod-to coccus-like elements with smooth surfaces. These elements give rise to new mycelia. The organism is a gram-positive, non-acid-fast, aerobic, mesophile, and it has a cell wall composition of type I (u-diaminopimelic acid, alanine, glutamic acid, glycine). The deoxyribonucleic acid base composition is 66.5 mol% G+C. The actinomycete is susceptible to phages of a taxon-specific set. Polyvalent Nocardia and Streptomyces phages are not propagated in the nocardioform organism, which is here regarded as belonging to a new genus, Nocardioides, the type species of which is N . albus. The type strain o f N . albus is IMET 7807 (Culture Collection of the Zentralinstitut fur Microbiologie und experimentelle Therapie, Jena). It has been deposited in the American Type Culture Collection under the number 27980. The new genus is placed in the family Streptomycetaceae.
In a paper presented at a symposium on Noeardia held during the 10th International Association of Microbiological Societies Congress at Mexico City in 1970, Prauser introduced the generic name Nocardioides, with type species N . albus, for an organism which, although widely distributed in soil, could not be identified with any other organism known at the time. The main characters were reported, and cultures of the organism were subsequently sent to a number of specialists for study with the hope that a suitable taxonomic niche could be found for this nocardioform actinomycete. Lechevalier et al. (6) included Nocardioides in their key to the genera of the actinomycetes, and subsequently Prauser received requests to effect the valid publication of names for the genus and its type species, Nocardioides and N . albus not having been previously validly published. It is the intent of this paper to satisfy these requests. MATERIALS Two Arthrobacter strains were also studied: Arthrobacter simplex NCIB 8929 and a strain of this species received under the name Arthrobacter globiformis from the Science Service, Bacteriology Division, Ottawa, Canada (its number in our collection is IMET SG 1020).
Phages. The phages used were those isolated by Prauser and Falta (20); Streptomyces phages S5, S6, S7, and S8, phages X5 and X6, Nocardia phages N6, N7, N8, and N9, Oerskoviu phage 0 4 , Promicromonosporu phage P3, and Micromonosporu phages Mm3 and Mm4, all isolated from soil by the author (19), were also included in this study.
Media. Cultures of the strains studied were isolated from soil by use of the agar double-layer method, in which dilutions of soil suspensions are mixed in the melted agar used for the upper layer. The isolation media were those commonly used, such as inorganic salts-starch agar (3) and arginineglycerol-salt agar (2). Another medium used was one found suitable for the isolation of many actinomycetes, namely: oatmeal, 3.0 g; KN03, 0.2 g; K2HP04, 0.5 g; MgSO.,, 0.2 g; agar, 15.0 g; and distilled water, 1,000 ml; pH, 7.0.
The test media used for the study of the strains were those of the International Streptomyces Project (221, glucose asparagine agar (81, and chitin agar (KC1, 0.5 g; K2HP04, 1.0 g; MgS04, 0.5 g; FeSO,, 0.01 g; chitin, 1.0 g; agar, 15.0 g; and distilled water, 1,000 ml; pH, 7.0). The production of melanoid pigments and the utilization of carbon sources were Determination of DNA base composition. The guanine plus cytosine (G+C) content of the deoxyribonucleic acid (DNA) was determined by the method of Marmur and Doty (9) using the T, value determination.
Phage testing. The strains to be tested for sensitivity to phages were cultivated on agar slants using a modification of complex organic medium M 79 (20) , in which the casein hydrolysate was replaced by 2.0 g of Casamino Acids (Difco) and the tap water was replaced by distilled water. After 1 to 5 days, the growth was suspended in 3 ml of liquid modified medium M 79. The suspension was mixed with 60 ml of melted solid medium M 79 at approximately 48 C, and the mixture was poured into square dishes (16-cm sides) to a depth of 2.3 mm. The number of bacterial cells per milliliter was not standardized because it had been found that variations in cell number did not influence the results. The uncovered dishes were dried for 1 h a t 28 C. The phage suspensions (approximately 1 x 10* plaque-forming units per ml) were transferred to the plates by the use of a homemade multi-transferer which, in one step, allows 64 droplets of about 0.006 ml to be deposited on an agar surface. The plates were incubated a t 28 C. All phage suspensions were applied in duplicate in each test, and each test was repeated one or more times. From clear areas on the plates, inocula were transferred with a loop to other plates with identical bacterial strains. Lysis on these plates after 24 h was considered proof that the clearings on the original plates were caused by phages.
RESULTS

Distribution.
More than 60 strains of the actinomycete under discussion have been isolated. Seventeen were selected for the present study. These strains represent the majority of the source materials from which the organism was isolated. It was the predominant microorganism in a sample of kaolin prepared for the ceramic industry, it was frequently found in a gyttja sediment, and it was repeatedly isolated from several soils of the Balaton region in Hungary. From the other samples, as a rule only one or two strains could be obtained. All in all, the organism seems to be rare but widely distributed. Obviously, there is a preference for special ecological conditions which, however, have not been defined.
Gross appearance. Organisms of the kind under study were easily observed, after some practice, on the isolation plates even though striking characteristics were lacking. The pasty colonies are whitish to faint yellowish-brown and may have smooth to wrinkled and dull to bright surfaces. Most distinctive of the organism was a very thin, chalky aerial mycelium which appeared a few days after the colonies became visible. Many strains tended to lose the capacity to form aerial mycelium in the course of continued cultivation. For example, strain IMET 7801, the first isolate and the strain provisionally selected to serve as the type strain, no longer produces aerial mycelium.
The organism grows on the standard media used for tlle cultivation of bacteria, including actinomycetes. Colonies appear 1 or 2 days after incubation at 28 C and develop quickly. The formation of aerial mycelium was usually good on yeast extract-malt extract agar, oatmeal agar, and glucose-asparagine agar, fair on inorganic salts-starch agar and glycerol-asparagine agar, and absent on the complex organic medium. Soluble pigments were not produced.
Morphology and developmental cycle. The hyphae of the primary mycelium, 0.5 to 0.8 pm in diameter, grow on the agar surface or penetrate the agar and branch abundantly (Fig. 1) . They fragment into irregular to rodor coccus-like elements (Fig. 1) . The hyphae of the aerial mycelium, 0.6 to 1.0 pm in diameter, either do not branch or are sparsely and irregularly branched, thus resembling the structure of the aerial mycelium of nocardiae (Fig. 2) . The aerial hyphae fragment into rod-to coccus-like elements ( Fig. 3) with smooth surfaces (Fig. 4) . The elements of both the primary and the aerial mycelium give rise to new mycelia by extruding one or two hyphae.
Physiological characters. The organism is aerobic and mesophilic. The optimum temperature for growth is about 28 C; growth is also good at 18 and 37 C, but it does not occur at 50 C. *Glucose, L-arabinose, D-xylose, D-mannitol, D-fructose, and rhamnose are utilized Nocardomycolic and other mycolic acids were lacking in all of these strains. Nocardomycolic acids were not detected in strain IMET 7807 by the methanolysis method of Minnikin et al. (10) . The DNA base composition of one strain, IMET 7801, was found to be 66.5 mol% G+C.
Phage susceptibility. All of the strains studied were susceptible to at least one of the six X-phages; two strains proved susceptible to all of the phages ( duced clearings in the bacterial lawn; however, the production of new phages could not be shown.
On the other hand, X-phages were unable to lyse strains of 19 genera of the order Actinomycetales (19) . Phage X6 was active against strains under study and against Arthrobacter simplex NCIB 8929 and Arthrobacter sp. IMET SG 1020, which resembles strains of Arthrobacter simplex. Phage X4 was effective against the latter strain and the strains under study, but it caused only a slight clearing without propagation in NCIB 8929. The cell walls of both Arthrobacter strains contain LL-diaminopimelic acid and glycine.
Taxonomy. As gram-positive, truly branching bacteria, the organisms under study are placed in the order Actinomycetules as recently defined by Gottlieb (4). According to their cell wall composition, these organisms are most closely related to the members of the family Streptomycetaceae. However, they are differentiated from members of Streptomyces and from members of the other genera of the family primarily by their developmental cycle and their morphology. In contrast to streptomycetes, the study organisms are typically nocardioform; i.e., they reproduce solely by fragmentation of their hyphae, either all or in part, into irregular to rod-like to coccoid elements (19, 19a) . The spores are not produced in or on special parts of the mycelium as in the rule in Streptomyces.
Moreover, the strains studied were lysed only by the taxon-specific X-phages, which do not attack any streptomycetes (19, 20) .
Thus, a new genus, Nocardioides, is proposed to harbor the organism, which is here proposed as a new species, N . albus.
Nocardioides gen. nov. (M.L. fem.n. Nocardia name of a genus in the order Actinomycetales; Gr. n. idus form; M.L. mas.n. Nocardioides Nocardia-like; intended to refer to the morphological similarity between members of the two genera.)
The branching hyphae of the primary mycelium grow on the agar surface or penetrate the agar and fragment into irregular to rod-to coccus-like elements. The hyphae of the aerial mycelium fragment into rod-to coccus-like elements. The elements of both mycelia grow out to new mycelia. No motile cells are produced.
Gram-positive, non-acid-fast, aerobic. Cell wall composition of type I (LL-diaminopimelic acid, alanine, glutamic acid, glycine), with a primary structure of the LL-Dap-Gly type. Nocardomycolic acids are not produced.
Type species: Nocardioides albus sp. nov. Nocurdioides albus sp. nov. (L. adj. albus white). The hyphae of the primary mycelium, 0.5 to 0.8 pm in diameter, fragment into irregular to rod-to coccus-like elements. The hyphae of the aerial mycelium, 0.6 to 1.0 pm in diameter, fragment into rod-to coccus-like elements with smooth surfaces.
The primary mycelium on oatmeal agar, yeast extract-malt extract agar, glucose-asparagine agar, and other agar media is whitish to faintly yellowish; in aged cultures, it is whitish to faintly brownish. Colonies are pasty, with smooth to wrinkled and dull to bright surfaces. No soluble pigments are produced. In aged cultures, faint brownish soluble pigments may occur. The aerial mycelium is very thin, dense, and chalky.
Gram-positive, non-acid-fast, aerobic, mesophilic. Optimum temperature for growth, 28 C; good growth occurs at 18 and 37 C; there is no growth at 50 C. Grows on media ordinarily used for the cultivation of bacteria, especially actinomycetes.
Cell wall composition is of type I (LL-di-PRAUSER INT. J. SYST. BACTERIOL. a Method according to reference 22 except that observations were made 5 (first lines) and 12 (second lines) days after inoculation. Growth on basal medium without carbon source (negative control) always lacking or extremely weak. Growth on D-glucose (positive control) always very good. There were no differences between the duplicate plates. Symbols: + + , strongly positive utilization (growth similar to or greater than on D-glucose); +, utilization (growth somewhat less than on D-glucose); +-, doubtful utilization (growth slightly better than on basal medium without carbon source); -, no utilization (growth similar to growth on basal medium without carbon source). aminopimelic acid, alanine, glutamic acid, and glycine). Nocardomycolic acids are lacking. The DNA base composition is 66.5 mol% G + C . Melanoid pigments were not produced by any of the 17 strains, but starch was hydrolyzed and H,S was produced by all of them. D-G~u-cose, L-arabinose, D-xylose, D-mannitol, D-fructose, and rhamnose were utilized for growth by all of the strains. Sucrose was utilized by most of the strains (14/17), raffinose was utilized by very few of the strains (4/17), and iso-inositol was not utilized by any of them.
Susceptible to one or more of the X-phages. Habitat, soil. Type strain. The type strain, IMET 7807, has been deposited under this number with the Culture Collection of the Zentralinstitut fur Mikrobiologie und experimentelle Therapie, Jena. This strain has also been deposited in the American Type Culture Collection, Rockville, Md., under the number 27980.
The type strain was isolated from soil of a lavender field, Tihany peninsula, Balaton region, Hungary.
The strain displays the characters given in the species description. Aerial mycelium is produced on yeast extract-malt extract agar, glucose-asparagine agar, oatmeal agar, and less distinctly on inorganic salts-starch agar. The utilization of carbohydrates by this strain is presented in Table 1 and the susceptibility to X-phages is presented in Table 2 . The DNA base composition of this strain was not studied.
Originally the organism described here was referred to by Prauser (14, 15) as strain IMET 7801, which was the first isolate. Later, Prauser (16) (17) (18) spoke of the "IMET 7801 group,'' which harbored the bacteria here placed in Nocardioides albus. Strain IMET 7801 was initially intended to serve as the type strain. However, since it lost the capacity to form aerial mycelium, it was rejected in favor of strain IMET 7807, which had previously been studied by Prauser and Falta (20) under the strain number 652-48.
DISCUSSION
Ten years ago the organism described here undoubtedly would have been placed in the genus Nocardia. Now, the knowledge and taxonomic interpretation of differing cell wall compositions no longer permit this grouping. Among the LL-diaminopimelic acid-containing actinomycetes, Nocardioides is distinctly different from the other genera. Sporichthya polymorpha Lechevalier et al. (7) lacks a primary mycelium and propagates by motile elements resulting from the fragmentation of the aerial hyphae. Intrasporangium calvum Kalakoutskii et al. (5) also lacks aerial mycelium, forms vesicles which were called sporangia (5), and does not utilize the carbon sources which promote the growth of Nocardioides albus except for wglucose (unpublished data). Arachnia propionica (Buchanan and Pine) Pine and Georg (13) does not form aerial mycelium and is facultatively anaerobic. Preliminary results on the primary structure of its peptidoglycan indicate that the peptide unit differs from that of Nocurdioides albus and of the other LL-di; aminopimelic acid-containing actinomycetes by the replacement of the Galanine in position 1 by glycine (21).
Nocard ioides al bus corresponds completely to the definition of nocardioform organisms (19, 19a) . These organisms are considered to represent a developmental cycle intermediate between the cycle of the coryneform bacteria and that of the sporoactinomycetes, which were defined as producing spores in or on definite parts of the mycelium (19a) . The term "nocardioform organisms" neither denotes a taxon nor replaces the phrase "actinomycetes with fragmenting primary mycelium." For example, a spore-producing streptomycete displaying some fragmentation of the primary mycelium remains a sporoactinomycete because of its well defined spore formation which, as a rule, occurs in or on special parts of the aerial mycelium.
Of special interest is the susceptibility of two Arthrobacter simplex strains to Nocardioides phages X4 and X6. Arthrobacter simplex NCIB 8929, included in this study, was classified by Yamada and Komagata (23) in their group 6. This group is characterized by the presence of u-diaminopimelic acid in the cell wall, a DNA base composition of 70 to 72 mol% G+C, a bending type of cell division, and elongated, even branching cells. Yamada and Komagata concluded that bacteria of this group, which do not appear to belong to any of the presently recognized genera, seem to be related to Streptomyces. Schleifer and Kandler (21) If the morphological and biochemical evidence is taken into consideration, an evolutionary line originating with coryneforms and culminating with sporoactinomycetes, like the streptomycetes, and including nocardioform intermediates like Nocardioides albus, might be considered (19a) . Such considerations are, of course, highly speculative. Nevertheless, they may be of help in finding a family position for the genus Nocardioides. Though Nocardioides albus markedly differs from any streptomycete in morphology and phage susceptibility, it seems reasonable to place the genus in the family Streptomycetaceae Waksman and Henrici, where it was provisionally placed by Lechevalier et al. (6) . The identical cell wall composition, the formation of primary and aerial mycelium, the slight sensitivity of Nocardioides albus strains to Streptomyces phages, and the possibility of a close evolutionary relationship between Nocardioides and Streptomyces may be reasons enough for this proposal. The inclusion of nocardioform organisms in the family Streptomycetaceae will, of course, present difficulties to future attempts at defining this family.
